A strong crystal field effect, much dependent on temperature, is observed in the 35 C1 NQR quadruplet spectrum of phase I, with a frequency spread of «4 MHz at 300 K, whereas in phase II the frequency splitting of the observed 35 C1 NQR doublet is almost constant between 77 K and 310 K, about 700 kHz. The phase transition I -+ II is very sluggish and unidirectional. The transition II -»-1 needs the recrystallization of II from water.
Introduction
Our interest in the connection between the 35 C1 nuclear quadrupole resonance, NQR, spectra of mono-, di-, and trichloroacetates of the general formula (RNH 3 )®((Cl 3 _ ;c H x C)COO) e , x = 0,1,2 [1] led us to investigate also some salts with the anion ((ClF 2 C)COO)" [2] . The guanidinium cation [C(NH 2 symmetry of the guanidinium ion. A hydrogen bond network connects the three NH 2 groups of the ion with the carbonyl oxygen atoms, and jumps of the ion around its pseudo-threefold axis or around the pseudo-twofold axes may be the origin of the anomalous temperature behavior and the observed phase transitions.
In course of this work we studied the acid salt guanidinium monochloroacetate, and we report here on the structures and the 35 C1 NQR spectra of the two-phase system. A comparison of the structures with the crystal structures (a-phase [3, 4] , ß-phase [5] ) and the 35 C1 NQR spectra [6] [7] [8] of the three solid phases (a, ß, y) of monochloroacetic acid is also given.
Experimental
The title compound, acid guanidinium monochloroacetate, [C(NH 2 ) 3 
]® [(ClH 2 C)COOH • • • OOC (CH 2 Cl)]
e was prepared from guanidinium carbonate and monochloroacetic acid, both compounds of commercial origin (Aldrich) and used without further purification. The guanidinium carbonate was dissolved in water and (ClH 2 C)COOH was added to this solu-0932-0784 / 93 / 0100-490 $ 01.30/0. -Please order a reprint rather than making your own copy. tion up to a ratio ((ClH 2 C)COOH): [C(NH 2 ) 3 ]® = 2.5.
Concentrating the solution at room temperature in air, a colorless crystalline solid precipitates, the crystals being of reasonable size, coarse prisms with edge lengths up to several millimeters. (No effort was made to produce larger size crystals.) The compound was dried in a dessicator over CaCl 2 . In Table 1 the chemical analysis (C, N, H) and some properties are given.
For the structure determination small single crystals were selected from the material crystallized from solution and later on used for the 35 C1 NQR experiments. Since in course of the 35 C1 NQR experiments it was found that two solid phases of the compound exist, we mention that small single crystals of phase I (the metastable phase gained from aqueous solution) remain to be single crystals after the thermal treatment which causes the transition to phase II, the stable phase. This is true at least for crystal sizes up to 1 mm 3 , and it offers good changes for single crystal NQR work on both phases.
Using a 4-circle X-ray diffractometer (Stoe), diffraction intensities, corrected for absorption and Lorentzpolarization factor, were collected. Therefrom the crystal structures of the two phases of the title compound were determined by direct methods [9] . The hydrogen positions were found from difference Fourier synthesis by a least squares procedure [10] . The thermal amplitudes of the hydrogen atoms were isotropically fixed during the refinement. 
Phase Transition
The relation between phase I and phase II of the title compound was explored qualitatively only. A simple phase indicator is the 35 C1 NQR spectrum.
Phase I: 4 lines; phase II: 2 lines. Crystallisation from aqueous solution (ratio of cation to acid «2.5) at room temperature gives phase I. During keeping the compound over CaCl 2 in a desiccator at room temperature over weeks, phase I is "stable". Heating up to 300 K has no influence. Cooling down phase I rather quickly (5') to 77 K does not change the 35 C1 NQR quadruplet of phase I. When warming up this sample and keeping it at 300 K for several days at this temperature, the two line 35 C1 NQR spectrum of phase II is observed, and it does not change over weeks.
If one freezes phase I down to 77 K and measures the 35 C1 NQR spectrum from 77 K up, on can observe the spectrum of I for several hours and thereby cover a temperature range from 100 K to 200 K in one experimental run. To complete the spectrum v( 35 Cl) = / (T) of phase I up to 310 K, we started from 200 K up with a fresh sample I. In a further run a sample I was cooled to 253 K (1 h), heated to 288 K (2 h), cooled to 233 K (1.5 h), heated to 288 K (1 h), and cooled to 195 K (3 h). In this experiment, only phase I was detected after each step. We proceeded with this experiment, warming up to 288 K. After several days the spectrum of phase I was weak, and the spectrum of phase II was present with medium intensity. Going down to 220 K (1 h), phase I became weaker, phase II stronger and after 3 more hours phase I was very weak, II strong. Going up to 288 K (2 h), no signal of I, but of phase II only was observable. x, y, z; x, y, z,; x, y, z z;
\-x, i + y, z; z;
x,±-y,± + z; i-x, y, ± + z;
| + x, y, i-z.
We conclude that between 225 K and 190 K the phase transition I ->• II is initiated (nucleation). The growth of phase II is sluggish, and we have been unable to observe any latent heat by differential thermal analysis. Of the title compound, phase II is the stable and phase I the metastable one.
Results and Discussion
In 412 (4) 672 (5) 16 (3) -3 (4) 36 (3) 430 (4) 354 (4) 7 (4) 5 (5) 66 (3) 389 (10) 461 (11) 0 (9) -23 (9) 111 (9) 410(11) 291 (9) -37 (10) 29 (8) 8 (8) 418(10) 264 (9) 3 (9) -21 (9) 8 (8) 341 (9) 320 (9) 23 (9) 14 (8) -37(8) 447 (14) 418 (14) -51(12) --150(11) -13(11) 457 (16) 406 (14) -187 (14) --265 (13) 9(12) 374 (13) 309 (12) -24(12) -38 (12) 29 (10) 405 (14) 308 (12) -16 (12) 11 (10) 12 (11) 453(15) 344 (13) -24(11) -26 (10) 47 (11) 503(16) 381 (14) -7 (14) 27 (12) 24 (13) 385 (14) 342 (14) -28 (11) 1 (10) 19 (11) 383 (15) 311 (14) 6 (12) -7(12) -9(11) (23) 859 (4) 1046 (6) 724 (12) 829 (13) 944 (14) 825 (13) 791 (17) 1098 (22) 926 (18) 545 (15) 431 (14) 592 (18) 482 (14) 667 ( 
elementary cell, a= 1299. In the following we call the two crystallographically independent units of phase I A and B. The density of metastable phase I is about 2% lower than that of the stable phase II.
In Table 3 positional and thermal parameters of the atoms in phase II are given, and in Table 4 the corresponding data for phase I. For the structure factors F c , F c see [17] . Table 5 lists the intra-and intermolecular (ionic) distances and angles for both phases.
In Fig. 1 the unit cell of phase II is shown in projection along the axis [001] onto the ab plane. e are located at be planes centered at x «1/8, 3/8, 5/8, and 7/8, and there is no hydrogen bond observed between these layers. The contact is a pure van der Waals-type one. In Fig. 2 we also recognize immediately planes, formed by the cations and anions, parallel to (011). Also here van der Waals contacts only connect these planes in the direction [011].
Not only with respect to very similar layer structures, the layers formed by cations [C(NH 2 For ease of discussion, we have used the same numbering for "chemical bond equivalent" atoms in phase II and phase I, unit A and unit B, troughout the paper, see Tables 3, 4 
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CI NQR in Phase II and Phase I of [C(NH 2 )J® [(CIH 2 C) COOH • • • OOC(CH 2 Cl) J e
The 35 C1 NQR spectrum of the stable phase II of the title compound is shown as a function of temperature in Figure 5 . It is a doublet, in accordance with the crystal structure. The frequencies decrease with increasing temperature, as one expects from the influence of librational motions on the electric field gradient, EFG, at the chlorine site [11] . In Table 6 the results of the power series expansion of v ( 35 C1) = / (T)
are given for phase II and phase I. Table 7 lists the 35 C1 NQR frequencies, selected for two temperatures, together with the observed signal to noise ratio, S/N. Table 4 .
^^ : Formula unit a
; Formula unit B Fig. 4 b. As Fig. 4 a, but the second layer is projected. listed in Table 6 , and in Table 7 selected frequencies are given numerically.
Comparison of Phase I and II, Structure,
Dynamics, and 35 
CI NQR
The NQR spectra of phase I and phase II are combined in Figure 7 Figure 6 ). The conclusion is that librational motions in the lattice of the metastable phase I are excited much more strongly than the ones in the stable phase I. C1). This is, over the whole temperature range investigated, the lowest frequency. With the rule given above we assign it to a chlorine of the group (ClH 2 )COOH, either to C1(2) A or to C1(2) B . To do this, we must consider the temperature dependence of v 4 ( 35 C1) and the temperature factors of the Cl-atoms of phase I, see Table 4 . From Fourier synthesis and least squares refinement of the structure it turned out that C1 (2) 
